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Executive Summary

The quality of the input catch data and CPUE index of abundance for the stock assessment were
highly uncertain and as a result I conclude that the stock assessment had serious flaws that
compromised its utility for management. I conclude that the proposed generalized production
model may not be appropriate for the species, fisheries, and available data if the generalized
shape parameter cannot be reliably determined, which is often the case. The efficacy of the
approach should have been simulation tested. The Bayesian production model suggested that
stock has been less productive since the 1970s than indicated by the deterministic production
model but this was not accounted for in setting benchmarks or in stock projections. I conclude
that the science reviewed is not the best available.

Background

The Stock Assessment Update for the Main Hawaiian Islands Deep7 Bottomfish Complex
Through 2013 With Projected Annual Catch Limits Through 2016 was held in Honolulu, Hawaii.
December 9-12, 2014. The purpose of the meeting was to evaluate the data and assessment
methods to improve the scientific basis for management. The review panel was ultimately
responsible for ensuring that the best possible assessments are provided to the Western Pacific
Regional Fishery Management Council (WPFMC), NMFS, and the State of Hawaii. Each
reviewer was required to conduct the independent peer review in accordance with the Statement
of Work (SoW) and stock assessment Terms of Reference (ToRs).

The Panel was composed of three independently appointed Center for Independent Experts (CIE)
reviewers (Dr. N. Cadigan, Canada; Dr. V. Haist, Canada; Dr. P. Apostolaki, UK), and CIE
appointed chair, (Dr. J. Neilson, Canada). The review was supported and assisted by Dr. G.
DiNardo (Stock Assessment Program Leader, PIFSC). Assessment documents were prepared by
stock assessment teams and presented by J. Brodziak (NMFS Honolulu) and A. Yau (NMFS
Honolulu). The support of all of these scientists and staff to the review process is gratefully
acknowledged.

The CIE reviewers were required to have excellent oral and written communication skills in
addition to working knowledge in fish population dynamics, with experience in the application
of stock assessment models in data poor situations sufficient to complete the primary task of
providing peer-review advice in compliance with the workshop Terms of Reference.
Approximately two weeks before the review meeting the reviewers were given background
documents and reports from the data workshop. The reviewers were required to read all
documents in preparation for the peer review. During the review meeting each reviewer was
required to actively participate in a professional and respectful manner as a member of the
meeting review panel, and their peer review tasks were focused on the stock assessment ToRs.
After the meeting each reviewer was required to prepare an independent peer review report



formatted as described in Annex 1. Each CIE reviewer’s duties were not to exceed a maximum
of 14 days to complete all work tasks.

Role of reviewer

All assessment documents and most supporting materials were made available to me by email on
25" November. These documents are listed in Appendix 1. I reviewed these backgrounds
documents. | attended the entire Panel review meeting in Honolulu, Hawaii during December 9-
12, 2014. I reviewed presentations and reports and participated in the discussion of these
documents, in accordance with the SOW and ToRs (see Appendix 2). I also contributed to the
review panel summary report. My CIE report is structured according to my interpretation of the
required format and content described in Annex 1 of Appendix 2. After the meeting I
participated in email discussions and writing to finalize the review panel report.

Summary of findings

A brief summary of the review panels (RPs) findings is presented for each ToR, followed by my
assessment of whether the ToR was successfully completed, and the strengths and weakness of
the research conducted where appropriate.

As typically in a stock assessment review, the focus of my report is on the weakness of the
research. However, I greatly appreciated the substantial of work conducted by the assessment
team in preparation for the review panel meeting. [ was impressed with the high skill level of the
assessors.

In what follows, D7BC indicates Deep?7 Bottomfish Complex.

ToR 1. Review the assessment methods used: determine if they are reliable, properly applied,
and adequate and appropriate for the species, fisheries, and available data

Peer review summary report findings

The stock assessment was based on an age-aggregated Bayesian generalized surplus production
model. The Panel noted the modeling approach had process and catch error included which
seemed appropriate for the stock complex. The model appears to have been appropriately
applied. Of course, the method is reliable only if the catch and CPUE data are reasonably
reliable. Inclusion of the production model shape parameter was appropriate for this relatively
unproductive species complex, and the value estimated appeared realistic.



My additional findings

Prager (2002) concluded that “if the generalized production model with estimated shape
parameter is used in stock assessment, it should be applied with skepticism and in conjunction
with the more robust logistic form. Unless a good external estimate of model shape is available,
the logistic model appears more suitable for routine assessment use on stocks similar to
swordfish”. The D7BC are probably not similar to swordfish, but nonetheless it seems likely that
this is a difficult parameter to determine reliably. Brodziak et al. (2011, 2014) indicated that
usually estimates of the shape parameter M for D7BC tend to be around M = 2 indicating a
relatively lower productivity stock. I found this confusing because when M > 1 both Bmsy and
Hmsy are greater than the Schaefer results (i.e. M=1). It does not seem reasonable to me that
Hmsy should be greater than R/2 for a less productive stock. One usually expects that less
productive stocks can sustain lower exploitation rates. It also does not seem reasonable that we
will get Bmsy > K/2 if we were to exploit this stock in the long-term at H > R/2. For a low
productivity stock I expect that Hmsy, Bmsy, an MSY will be less than the Schaefer results.

I have had additional time since the peer review meeting to consider this, and I conclude that the
generalized production model may not be appropriate for the species, fisheries, and available
data if the generalized shape parameter cannot be reliably determined, which often is the case.

ToR 2. Evaluate the implementation of the assessment model: configuration, assumptions, and
input data and parameters (fishery life history); more specifically determine if data are
properly used, if choice of input parameters seem reasonable, if models are appropriately
specified and configured, assumptions are reasonably satisfied, and primary sources of
uncertainty accounted for.

Peer review summary report findings

The Panel agreed that the approach for catch rate standardization in 2014 was a considerable
improvement but further potential gains could be made through exploring fields in the logbook
data that provide a unique vessel identifier. To improve effort measurement, the Panel
recommended that the assessment team consider omitting monthly catch records that include
only a single entry for the whole month. The Panel also noted that the assessment did not
account for technological improvements, which was a recommendation from the CPUE
Workshop (Moffitt et al. 2008). The Panel concluded that the CPUE index did not seem
sufficiently reliable to use as an index of stock size for the entire assessment time-period.

The Panel was concerned that there might be bias in the pre-1990 estimates of unreported catch.
The current assessment practice of allowing a £20% range of uncertainty around annual
estimates of unreported catch values may not adequately account for potential biases nor the
additional uncertainty in the magnitude of unreported catch in the early part of the time-series.
The Panel requested a run with a constant ratio of unreported to reported catch. The ratio was



equal to that used for unreported catches in recent years (i.e. 1.08). For this run (as was also the
case with the base case run), recent exploitation rates exceeded Hpsy, and the stock may be
overfished contingent on the choice of natural mortality (A=0.25 vs 0.1).

The Panel considered that the sensitivity analyses should have included broader/less informative
priors. The highly informative P, prior used in the base model did not appear to be driving the
model results by itself in this specific case.

The Panel had strong reservations regarding the quality of the input catch data and CPUE index
of abundance for the stock assessment. Hence, the Panel concluded that the stock assessment had
serious flaws that compromised its utility for management.

My additional findings

The assessment team seemed to also have reservations about the cpue index. They suggested that
in future it may be better to model cpue catchability in time-blocks. This may have substantial
impact on the assessment. I expected that the behavior of the cpue index during 1949-1970 is
very influential on assessment model results and changing assumptions about the catchability of
the index during this period may also have a large effect on model results. There seems to be
much uncertainty about data reporting and impacts on cpue standardization during this period.
Prior to 2002 some of the selected monthly records could include multiple trips that are assumed
to be a single trip, and therefore cpue would be over-estimated. Multi-day trips were more
prevalent in 1950’s and 1960’s. It may be more practical to only use data post-1970’s. However,
cpue during this period has basically followed a “one-way trip” and such a production model
may give substantially different results. I expect that such a model will be more sensitive to
informative priors such as the one for P,.

The magnitude of uncertainty about unreported catches seemed too low. The assessment model
included uncertainty in the unreported catch which is good. However, a higher range for
uncertainty, but possibly not following a Uniform distribution, may be more appropriate. It is not
possible for me to be more precise about this because the methodologies used to infer unreported
catch were not reviewed during the meeting although background documents were provided.

The early cpue seems less reliable than the recent cpue, but the model estimated the reverse.

The assessment model also included process errors in population dynamics which is also good.
However, in the model configuration these process errors were not modelled explicitly and their
posterior distributions were not provided in review documents or during the review meeting. An
easy way to get some indication of the impact of the process errors is to plot the stochastic
production model estimates versus the deterministic model results. I evaluated the deterministic
model based only on the posterior means of the model parameters provided in Table 11 of
Brodziak et al. (2014). These results were substantially different from the stochastic model
(Figure 1). These results indicate the stock had higher productivity compared to the production



model during 1949-1960 but lower productivity since then. The results suggest that the process
errors have high temporal auto-correlation but this feature was not included in the assessment
team’s model.

I conclude that the model may not be appropriately specified because it does not include
temporal dependency in process errors. I concur with the panel conclusions that the input catch
and cpue data do not seem sufficiently reliable to use in a production model to provide
management advice. Mostly I am concerned that reasonable alternative treatments of the data
and model specifications could lead to much different conclusions on over-fishing and over-
fished stock status.
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Figure 1. A comparison of the stochastic Bayesian production model estimates of
exploitable biomass (red — bottom panel) provided by the assessment team and the
deterministic model results (black — bottom panel) with no process errors and catch
treated as fixed (top panel) using the posterior means of the production model
parameters provided by the assessment team.



ToR 3. Comment on the scientific soundness of the estimated population benchmarks and
management parameters (e.g. MSY, Fmsy, Bmsy, MSST, and MFMT) and their potential
efficacy in addressing the management goals stated in the relevant FMP or other documents
provided to the review panel.

Peer review summary report findings

The Panel concluded that the methodology used for the projections and establishing the targets
appeared appropriate but because the stock assessment model was not credible this implied that
the estimated population benchmarks and management parameters were likely not reliable for
addressing the management goals stated in the relevant Fisheries Management Plan.

The Panel noted that the estimate of natural mortality (M=0.25) currently used to establish the
overfished threshold might be too high.

My additional findings

As outlined in my response to ToR1, I find the posterior mean of 2.06 on the production model
shape parameter (M) to be troubling. It implied that Hmsy is 35% higher than the Schafer model
result (R/2) and Bmsy is 16% higher.

There are large differences in the stochastic Bayesian model results and the corresponding
deterministic model results (Figure 1). The reference points were based on the deterministic
model. However, it is known that these references points (both H and B) will be too high when
there is process error. This is even moreso when the process error is auto-correlated. Recently
Bordet and Rivest (2014) derived expressions for Hmsy and the mean of the equilibrium
distribution for biomass when fishing at Hmsy (i.e. Bmsy) for the Pella Tomlinson model with
auto-correlated process errors. We used their results to approximate the potential impact of auto-
correlated process errors on reference points. Bordet and Rivest (2014) used a slightly different
model formulation. Their parameter p is the same as M in Brodziak et al. (2011, 2014) and their

r parameter is equal to 1\;_141 = Hmsy in Brodziak et al. (2011, 2014). Also, the ¢° estimate in

Table 11 of Brodziak et al. (2014) will likely be lower if auto-correlation is accounted for. I used
the stationary variance, 6% = (1 — p?) , when evaluating the impact of auto-correlated
process error using Theorem 3.1 in Bordet and Rivest (2014). Ratios of stochastic to
deterministic Bmsy and Hmsy, Bmsy(c”,p°)/Bmsy and Hmsy(c”,p”)/Hmsy, are shown in Figure
2. With no auto-correlation the stochastic Bmsy is 91% of the deterministic result and Hmsy is
85% as large. Auto-correlation increases the difference and when p = 0.92 the stochastic Hmsy is
only 49% of the deterministic result. I am unsure why the stochastic reference points increase for
larger values of p; however, I suspect this is not real and may be due to approximation errors in
Theorem 3.1 in Bordet and Rivest (2014). Hence, these results are presented as illustrative only,
but they do demonstrate the potential importance of taking stochasticity into account when
deriving benchmarks.
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Figure 2. The ratio of stochastic to deterministic Bmsy (black line) and Hmsy (grey line)
based on the production model parameters in Table 11 in Brodziak et al. (2014).

It may be that the Bayesian production model is adjusting somewhat for stochasticity. The
posterior mean for Hmsy in Table 11 of Brodziak et al. (2014) is 6.6% which is lower than
rM/(M+1) evaluated using the posterior means for r and M; that is, 0.11*2.06/(1+2.06) = 7.4%.

ToR 4. Evaluate the adequacy, appropriateness, and application of the methods used to project
future population status.

Peer review summary report findings

The panel concluded that the short-term projection methodology was reasonable. It did not
include temporal dependency in process errors that seemed large for this assessment; however,
because the projections were only for two years, this may not be an important issue. However,
the Panel considered that given the concerns with the population model identified earlier,
population projections are not adequate for management purposes.

My additional findings

Surplus production models are more useful for examining loner-term trends in stock size and
exploitation rates. They are very risk-prone for short-term projections without auxiliary data on
recent relative recruitment (Gabriel and Mace, 1999). Hence, I conclude that the short-term
projection methods may not be reliable. Nor is the approach more reliable for longer-term
projections because of temporal dependency in process errors.



ToR 5. Determine whether the science reviewed is considered to be the best scientific
information available.

Peer review summary report findings

The Panel concluded that the science reviewed is not considered to be the best available.

My additional findings

I concur because of issues outlined above.

ToR 6. Suggest research priorities to improve our understanding of essential population and
fishery dynamics necessary to formulate best management practices. Comment on alternative
data sources and modeling, including any potential fishery independent data sources that
could be used to supplement fisheries data. Include guidance on single species models, and
whether this is possible given the current nature of this multispecies fishery, and difficulties in
partitioning fishing effort between species.

Peer review summary report findings

The Panel considered that an immediate first priority is to strengthen the program of fishery
monitoring to ensure that the collection of catch and effort data is complete and accurate. Better
species-specific, spatial, gear, and size information will all be useful. The Panel recommended
research continue into ways to develop more reliable stock size indices from the catch and effort
data. The Panel recommends investigating the new length-frequency information from biological
sampling data and new age information by completing catch curve analyses. The Panel also
recommended independent evaluation of priors such as r, and values for natural mortality rate,
using additional new information on the biology of the species complex.

In the longer-term, the Panel recommended continued development of the fisheries-independent
surveys is critical for an improved assessment. The Panel also endorses a large-scale tagging
program which can provide alternative (to the assessment model) information on harvest rates in
the short-term, but notes that the design of such programs is critical to the utility of the data for
harvest rate estimation. The Panel supports the intention of NMFS to move towards single
species assessments, as the needed data become available to support this evolution of the
assessment.

My additional findings

A tagging program does not have to be a long-term priority. A well-designed tagging program
can provide estimates of harvest rates in the short-term (i.e. 2-3 years).



I don’t think the panel was recommending that the single-species assessment approach be a
target, but rather that species-specific information should be produced from a multi-species
assessment approach. Not accounting for biological interactions between species may result in
MSY reference points that are too high (e.g. Fogarty et al., 2012). Multi-species assessment
models remain a challenge to implement successfully. Multi-species productions models have
been investigated (e.g. Gamble and Link, 2009, 2012) but used as “operating” models and
apparently not estimated from typical data.

Information was presented during the review meeting on a market sampling program that
includes D7BC species. The sizes of fish are measured in this program. This information could
be used, in conjunction with an estimated growth model, to provide estimates of mortality rates
that are independent of the production model. This could involve methods such as the
equilibrium Beverton-Holt estimator of instantaneous total mortality (e.g. Quinn and Deriso,
1999). This would also require some knowledge of the size selectivity patterns of the fishery.
Recruitment variations will also violate the equilibrium assumptions but if the analyses were
restricted to larger sized fish then reasonably accurate results may still be possible. A non-
equilibrium Beverton-Holt estimator of Z from length data has been developed by Gedamke and
Hoenig (2006). Such approaches could be used to developed an objective prior on harvest rates
(assuming some value for natural mortality rate) for years with length sampling. This could be a
simple improvement to the production model approach. Alternatively, the size composition
information could be used with catch and cpue indices in an integrated model such as SS3;
however, this may be a less simple approach.

Similarly, my understanding is that the average weight of the catch has been reported in logbook
program since 1949. We did not review this information so I have no idea how reliable it is.
However, if it is reliable then it could be used to infer the average length of the catch and this
information could then be used to provide some information on Z’s over time. This could be
done in a separate analysis from the production model to provide objective priors for harvest
rates for the production model, or more ideally it could be done as part of an integrated
assessment model.

ToR 7. Draft a report of the WPSAR Panel conclusions and findings, addressing each Term of
Reference.

This was completed.



Conclusions and Recommendations

ToR 1. Review the assessment methods used: determine if they are reliable, properly applied,
and adequate and appropriate for the species, fisheries, and available data

The stock assessment was based on an age-aggregated Bayesian generalized surplus production
model. The Panel noted the modeling approach had process and catch error included which
seemed appropriate for the stock complex. I conclude that the generalized production model may
not be appropriate for the species, fisheries, and available data if the generalized shape parameter
cannot be reliably determined, which is often the case. The efficacy of the approach should have
been simulation tested.

ToR 2. Evaluate the implementation of the assessment model: configuration, assumptions, and
input data and parameters (fishery life history); more specifically determine if data are
properly used, if choice of input parameters seem reasonable, if models are appropriately
specified and configured, assumptions are reasonably satisfied, and primary sources of
uncertainty accounted for.

The Panel had strong reservations regarding the quality of the input catch data and CPUE index
of abundance for the stock assessment. Hence, the Panel concluded that the stock assessment had
serious flaws that compromised its utility for management.

ToR 3. Comment on the scientific soundness of the estimated population benchmarks and
management parameters (e.g. MSY, Fmsy, Bmsy, MSST, and MFMT) and their potential
efficacy in addressing the management goals stated in the relevant FMP or other documents
provided to the review panel.

The Panel concluded that the methodology used for the projections and establishing the targets
appeared appropriate but because the stock assessment model was not credible this implied that
the estimated population benchmarks and management parameters were likely not reliable for
addressing the management goals stated in the relevant Fisheries Management Plan.

I find the posterior mean of 2.06 on the production model shape parameter (M) to be troubling. It
implied that Hmsy is 35% higher than the Schafer model result and Bmsy is 16% higher. Also, it
seems that the stock has been less productive since the 1970s than indicated by the deterministic
production model. The reference points are appropriate for the deterministic model, and may not
be currently appropriate for the productivity conditions that will prevail in the next decade or so.



ToR 4. Evaluate the adequacy, appropriateness, and application of the methods used to project
future population status.

The panel concluded that the short-term projection methodology was reasonable but given the
concerns with the population model identified earlier, population projections are not adequate for
management purposes.

I conclude that short-term projection methods from production models may not be reliable, nor is
the approach more reliable for longer-term projections because of accounted temporal
dependency in process errors.

ToR 5. Determine whether the science reviewed is considered to be the best scientific
information available.

The Panel concluded that the science reviewed is not considered to be the best available.

ToR 6. Suggest research priorities to improve our understanding of essential population and
fishery dynamics necessary to formulate best management practices. Comment on alternative
data sources and modeling, including any potential fishery independent data sources that
could be used to supplement fisheries data. Include guidance on single species models, and
whether this is possible given the current nature of this multispecies fishery, and difficulties in
partitioning fishing effort between species.

Short-term research priorities

* Strengthen the program of fishery monitoring to ensure that the collection of catch and
effort data is complete and accurate.

* Continue research into ways to develop more reliable stock size indices from the catch
and effort data.

* Investigate the new length-frequency information from biological sampling and average
weights of catches from logbooks, in conjunction with estimated growth curves, with a
view to estimate mortality rates.

Longer-term research priorities

* The panel recommended continued development of fisheries-independent surveys.

* Provide species-specific information from a multi-species assessment approach.

* Consider implementing a large-scale tagging program to provide information on harvest
rates.
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Annex 1: Format and Contents of CIE Independent Peer Review Report

1. The CIE independent report shall be prefaced with an Executive Summary providing a concise
summary of the findings and recommendations, and specify whether the science reviewed is
the best scientific information available.

2. The main body of the reviewer report shall consist of a Background, Description of the
Individual Reviewer’s Role in the Review Activities, Summary of Findings for each ToR in
which the weaknesses and strengths are described, and Conclusions and Recommendations in
accordance with the ToRs.

a. Reviewers should describe in their own words the review activities completed during the
panel review meeting, including providing a brief summary of findings, of the science,
conclusions, and recommendations.

b. Reviewers should discuss their independent views on each ToR even if these were
consistent with those of other panelists, and especially where there were divergent views.

c. Reviewers should elaborate on any points raised in the Summary Report that they feel might
require further clarification.

d. Reviewers shall provide a critique of the NMFS review process, including suggestions for
improvements of both process and products.

e. The CIE independent report shall be a stand-alone document for others to understand the
weaknesses and strengths of the science reviewed, regardless of whether or not they read the
summary report. The CIE independent report shall be an independent peer review of each
ToRs, and shall not simply repeat the contents of the summary report.

3. The reviewer report shall include the following appendices:
Appendix 1: Bibliography of materials provided for review

Appendix 2: A copy of the CIE Statement of Work
Appendix 3: Panel Membership or other pertinent information from the panel review meeting.



Annex 2: Terms of Reference for the Peer Review

Stock Assessment Update for the Main Hawaiian Islands Deep7 Bottomfish Complex
Through 2013 With Projected Annual Catch Limits Through 2016

1. Review the assessment methods used: determine if they are reliable, properly applied, and
adequate and appropriate for the species, fisheries, and available data.

2. Evaluate the implementation of the assessment model: configuration, assumptions, and
input data and parameters (fishery life history); more specifically determine if data are
properly used, if choice of input parameters seem reasonable, if models are appropriately
specified and configured, assumptions are reasonably satisfied, and primary sources of
uncertainty accounted for.

3. Comment on the scientific soundness of the estimated population benchmarks and
management parameters (e.g. MSY, Fmsy, Bmsy, MSST, and MFMT) and their potential
efficacy in addressing the management goals stated in the relevant FMP or other documents
provided to the review panel.

4. Evaluate the adequacy, appropriateness, and application of the methods used to project
future population status.

5. Determine whether the science reviewed is considered to be the best scientific information
available.

6. Suggest research priorities to improve our understanding of essential population and
fishery dynamics necessary to formulate best management practices. Comment on alternative
data sources and modeling, including any potential fishery independent data sources that
could be used to supplement fisheries data. Include guidance on single species models, and
whether this is possible given the current nature of this multispecies fishery, and difficulties
in partitioning fishing effort between species.

7. Draft a report of the WPSAR Panel conclusions and findings, addressing each Term of
Reference.



Annex 3: Tentative Agenda

Stock Assessment Update for the Main Hawaiian Islands Deep7 Bottomfish Complex
Through 2013 With Projected Annual Catch Limits Through 2016

Honolulu Service Center, NOAA Fisheries Pier 38, Honolulu Harbor, 1139 N. Nimitz
Hwy, Suite 220, Honolulu, HI 96817

9-12 December 2014

Tuesday December 9
1. Introduction
2. Background information - Objectives and Terms of Reference
3. Fishery
Operation (presented by PIFSC)
Management (Council and PIRO)
4. Data
State of Hawaii System
Biological data
Other data
Wednesday December 10
5. Review of Stock Assessment
Thursday December 11
6. Continue Assessment Review (1/2 day)
7. Panel discussions (Closed)
Friday December 12
8. Panel Discussions (1/2 day)
9. Present Results (afternoon)
10. Adjourn



